An original knee arthrodesis technique combining external fixator with Steinman pins direct fixation  by Riouallon, G. et al.
OO
A
e
G
O
7
1
drthopaedics & Traumatology: Surgery & Research (2009) 95, 272—277
RIGINAL ARTICLE
n original knee arthrodesis technique combining
xternal ﬁxator with Steinman pins direct ﬁxation
. Riouallon, V. Molina ∗, C. Mansour, C. Court, J.-Y. Nordin
rthopedics and Traumatology Department, Bicêtre Hospital; Paris-XI-Sud University Medical School,
8, rue du Général-Leclerc, 94275 Le-Kremlin-Bicêtre cedex, France
Accepted: 20 April 2009
KEYWORDS
Knee arthrodesis;
External ﬁxation;
Infection;
Total knee
arthroplasty
Summary
Introduction: Knee arthrodesis may be the last possible option for infected total knee arthro-
plasty (TKA) patients and in revision cases involving severe bone loss and/or extensor mechanism
damages. Success in these situations depends on achieving good ﬁxation assembly stability. We
report bone fusion results using a ﬁxation technique combining cross-pinning by two Steinman
pins with a single-frame external ﬁxator. Remission of infection at long-term follow-up was an
additional criteria assessed for those cases initially treated for sepsis.
Hypothesis: This ﬁxation modality improves fusion rates.
Patients and methods: In six of this series of eight patients (mean age: 59 years), surgery
was performed in a context of infection: ﬁve cases of infected TKA, and one case of septic
arthritis. In the other two cases, arthrodesis was respectively indicated for a severe post-
traumatic stiffness compounded by extensor system rupture and for a fracture combined to
a complete mechanical implant loosening. In three of the six infection cases, arthrodesis was
performed as a single-stage procedure. All patients were operated on using the same technique:
primary arthrodesis site stabilization by frontal cross-pinning with two Steinman pins, followed
by installation of a sagittal external ﬁxator frame. Results were assessed at a mean 8 year
follow-up.
Results: All the arthrodeses showed fusion at a mean 3.5months (range: 2.5 to 6months) post-
operative delay without reintervention. Weight-bearing was resumed at 2 to 3months. The
external ﬁxator was removed at a mean 5.2months. No recurrence of infection was observed
over a mean follow-up of 8.2 years (range: 1 to 15 years). Three complications occurred: one
hematoma, managed surgically; one supracondylar fracture treated orthopedically; and one
osteitis, managed by surgical curettage.
Discussion: This knee arthrodesis technique proved effective, with no failures in this short
series, especially in cases of primary infection. It is a reproducible means of osteosynthesis,
with little subsequent morbidity. Fixation in two orthogonal planes seemed to provide the
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stability required to achieve bone fusion. This assembly avoids internal ﬁxation, which is never
risk-free in a context of primary sepsis.
Level of evidence: Level IV. Retrospective study.
© 2009 Published by Elsevier Masson SAS.
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ﬁIntroduction
Knee arthrodesis may be the only alternative to amputa-
tion in certain indications [1,2], infected knee prosthesis
being the most frequent. Noninfectious causes may also
lead to arthrodesis, such as severe bone lesions involv-
ing major bone-loss or extensor system rupture and knee
laxity. Success requires stable assembly ensuring optimal
arthrodesis site compression onto as large a bone surface
as possible, as well as eradication of the infection when the
indication involved sepsis [1,3—5]. Several types of instru-
mentation are employed for arthrodesis: internal ﬁxation
by intramedullary nailing or osteosynthesis plating, and sin-
gle or biplane or circular (Ilizarov) external ﬁxation. Only
external ﬁxation and intramedullary nailing, however, are
recommended where arthrodesis is indicated for total knee
arthroplasty (TKA) infection. The choice then is between the
classically more rigid internal ﬁxation, with a risk of recur-
rence of infection [1,2], and external ﬁxation. We chose a
sagittal single-plane external ﬁxator associated to frontal
cross-pinning using two Steinman pins. The hypothesis was
that ﬁxation in two orthogonal planes would ensure the sta-
bility required for satisfactory bone fusion [5—7].
The present study assesses the degree of bone fusion
achieved with this technique and recurrence of infection at
long-term follow-up in patients operated on for TKA infec-
tion.
Patients and methods
A series of eight patients (mean age: 59.1 years; range: 18 to
84 years) underwent knee arthrodesis using the same tech-
nique associating an external ﬁxator and cross-pinning with
two Steinman pins.
Indications were TKA infection in ﬁve cases, ﬁstula
osteoarthritis in one paraplegic patient, posttraumatic stiff-
ness with associated extensor system rupture in one case,
and fracture associated with TKA implant loosening in one
case.
Five of the six cases of infection involved methicillin-
resistant Staphylococcus aureus (MRSA), one being polymi-
crobial, associating MRSA and Mycobacteriumxenopi. The
other case was an implant infection involving methicillin-
sensitive S. aureus. Three of the ﬁve cases where arthrodesis
was indicated for implant infection were managed in two
stages: primary implant removal and replacement by a
cement spacer (Fig. 1), with a covering ﬂap in two cases;
and secondary arthrodesis due to unfavorable septic and
cutaneous evolution (ﬁstula). In the other two cases of TKA
infection, arthrodesis was performed in the same step as
implant removal, being indicated for associated extensor
system rupture, with substantial loss of cutaneous substance
s
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4n one case. In the paraplegic patient suffering from ﬁstu-
ar right-knee osteoarthritis, arthrodesis was indicated for
osterior dislocation with irreducible 80◦ ﬂexion deformity.
Patient 7 was a road-accident victim with an open grade-3
racture on Cauchoix’s classiﬁcation at the union of the mid
nd distal thirds of the femur, with associated ipsilateral
xtensor impairment. Arthrodesis was indicated after fail-
re of extensor repair, with severe associated knee stiffness.
n the remaining case, involving fracture associated with
mplant loosening in a bedridden severely obese diabetic,
rthrodesis was indicated due to comorbidity.
urgical technique
he same knee arthrodesis technique was used in all the
resent series. Surgery was performed under pneumatic
ourniquet. Skin incision was guided by the anterior scars.
he patellar tendon was ﬁrst sectioned, so as to fold back
he extensor system and expose the joint line. Gradual
elease restored enough knee mobility for satisfactory expo-
ure. Implant components (or spacers) were removed, and
he proximal extremity of the tibia and distal extremity of
he femur were painstakingly cleaned before minimal bone
esection, guided by four criteria:
optimal conservation of bone stock;
sufﬁcient contact surface to enable bone fusion;
correction of any frontal deviation or rotational impair-
ment;
sagittal adjustment of the arthrodesis position following
the preoperative plan, usually 5◦ ﬂexion.
After preparing the tibial and femoral extremities, inter-
al ﬁxation was achieved with two 5mm-diameter Steinman
ross-pins. One was introduced via the cutaneous side of
he medial femoral condyle, 5 to 7 cm above the joint
ine, pointing distally and laterally, exiting 5 to 7 cm below
he joint line on the anterolateral side of the tibia The
econd was introduced via the medial side of the medial
ibial metaphysis, 5 to 7 cm below the joint line, point-
ng proximally and laterally, exiting 5 to 7 cm above the
oint line on the lateral side of the lateral femoral condyle.
hese entry points optimized guidance, to avoid damage to
he arteriovenous popliteal axis. The assembly thus largely
eutralized forces operating in the frontal plane. When nec-
ssary, the posterior surface of the patella was stripped and
xed across the joint line by one tibial and one femoral
crew. The single-plane femorotibial Hoffmann external ﬁx-
tor was then installed in the sagittal plane. The femoral
et of three or four 5mm pins was positioned anteriorly,
s close to the joint line as possible. The three or four
mm tibial pins were positioned sagittally, just outside
274 G. Riouallon et al.
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f the tibial epiphysis, as close to the joint line as pos-
ible, usually under the anterior tibial tuberosity. Bone
esection pieces were was used to ﬁll the arthrodesis site
Fig. 2).
The tourniquet was released at end of surgery. After
emostasis and lavage, closure was performed over two suc-
ion drains.
The arthrodesis was adjusted in complete extension in
ne case, 5◦ ﬂexion in three, 10◦—15◦ ﬂexion in three, and
5◦ ﬂexion in one (the paraplegic patient).
Weight-bearing was forbidden for 2 to 3months. Post-
perative follow-up comprised clinical, X-ray and biological
ssessment at regular intervals.
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Figure 2 Immediate prative X-ray.
ollow-up procedure
esults were assessed on several criteria.
Time to bone fusion was assessed from the series of con-
rol X-rays. Weight-bearing was resumed once femorotibial
rabecular bridges appeared on two perpendicular views.
onsolidation was considered to have been achieved at
esumption of weight-bearing when this proved pain-free.
he external ﬁxator was removed 1.5 to 2months after
esumption of weight-bearing.
Pain was assessed subjectively according to the pain-
core items of the International Knee Society (IKS) functional
rading system.
ostoperative X-ray.
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Infection was considered to be in remission when no local
or general clinical or biological signs were observed at last
follow-up. Leukocyte and CRP levels were the two biological
criteria, monitored up to a minimum of 12 months’ FU.
Results
Mean follow-up was 8.2 years (range: 12 months to 15 years).
Complications
Three patients experienced early complications. Two were
minor: one anteromedial ﬁstular hematoma, and one osteitis
on a ﬁxator pin, which responded to surgical curettage.
The third case was of supracondylar fracture at 4months
postoperatively with migration of a Steinman pin; as the
arthrodesis had fused, the fracture was successfully man-
aged by ablation of the material and 2months’ cast
immobilization.
Consolidation rate and time
Fusion was consistently achieved, at a mean 3.5 months
(range: 2.5 to 6months). Material was removed at a mean
5.2 months (range: 4—8months: at 4months in three,
at 6months in one, 5.5months in the obese patient, at
6months in two cases and at 8months in the remaining case)
(Fig. 3).
Functional resultAt the end of follow-up, three patients were pain free, four
had mild or occasional pain, and one had moderate occa-
sional pain.
Clinical and biological remission of infection was consis-
tently achieved at a minimum 12 months’ follow-up, with
f
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tfollow-up X-ray.
icatrisation free of any local inﬂammatory signs, and recov-
ry of biological criteria (leukocyte and CRP levels) where
hese had shown abnormality.
iscussion
his retrospective study sought, ﬁrstly, to assess bone fusion
n knee arthrodeses managed by cross-pin ﬁxation associ-
ted to a single-plane external ﬁxator and, secondly, to
ompare the control of infection obtained with this tech-
ique to other techniques classically applied to knee implant
nfection as reported in the literature.
Three main knee arthrodesis techniques are described in
he literature [1,2]:
1-bar external ﬁxator in one or two planes [6,7] or Ilizarov
external ﬁxator [8,9];
intramedullary nailing [3,4,10—12];
osteosynthesis by screwed plating [13].
Only external ﬁxation or intramedullary nailing, how-
ver, are to be recommended in case of infected TKA.
n the eight largest and most recent series managed by
ntramedullary nailing, bone consolidation ranged from
0.9 to 100%. McQueen et al. [3] and Vlasak et al. [5]
eported 100% fusion in series of 13 and 44 patients,
espectively, whereas Incavo et al. [12] obtained 80.9%
rimary fusion, with four of their 21 arthrodeses requiring
evision. Damron and McBeath [1], in a literature review,
eported a mean bone fusion rate of 94.6% and Wiedel [2],
n a more recent review, a range of 83 to 100%. Results
sing external ﬁxation vary even more, from 36 to 93%
usion [5,9], Damron and McBeath [1] reporting a mean rate
f 63.6% in a review of the literature, with a range of 43 to
1% for Wiedel [2]. The present series showed 100% fusion
t a mean 3.5 months (range: 2.5 to 6months), comparable
o the best series using intramedullary nailing and thus
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etter in terms of bone fusion than other external ﬁxation
echniques.
These results, however, are to be interpreted with cau-
ion. Firstly, most of the series in the literature are too
mall to enable comparative statistical analysis, the longest
eing that of Mabry et al. [10], with 24 cases managed by
ntramedullary nailing and 61 by external ﬁxation. Moreover,
hey are very heterogeneous, mixing septic and nonsep-
ic etiologies, precluding comparison between the different
ethods. The external ﬁxation results are more variable
han those for intramedullary nailing, probably because
here are a variety of techniques for the former whereas
ntramedullary nailing techniques are more similar. Wiedel
2], Bargiotas et al. [4] and Oostenbroek and van Roermund
9] consider the rigidity of the assembly to be essential to
rthrodesis fusion, which could account for the difference
n fusion rates between intramedullary nailing and external
xation, the former being more rigid. Certain authors also
eport large variations in fusion rate according to the type
f external ﬁxator: Vlasak et al. [5] and Hak et al. [6], com-
aring single versus biplane ﬁxators, obtained better results
ith the latter (38% vs 42% respectively for Vlasak et al.
5] and 50% vs 57% respectively for Hak et al. [6]). Parrate
t al. [7] recently reported good results (89% bone fusion)
n a series of arthrodeses using two perpendicular ﬁxators.
he technique we report here is intended to increase rigid-
ty while limiting the size of the external ﬁxator and the
umber of pin channels and hence the risk of infection and
in-related fracture. There were no failures of fusion in the
resent series.
The result for knee arthrodesis in a context of sepsis
lso depends on remission of infection at last follow-up.
KA infection represents 58 to 89% of indications for knee
rthrodesis according to Wiedel [2]. Damron and McBeath [1]
eported between 0 and 22% recurrence of infection after
rthrodesis by intramedullary nailing and between 5 and 8%
ith external ﬁxation. The three recent series of arthrode-
is by intramedullary nailing (McQueen et al. [3], Bargiotas
t al. [4] and Mabry et al. [10]) showed infection recurrence
ates of between 6.8 and 8.3%. Two series of arthrodesis
y external ﬁxation involved no recurrence of infection: in
arrate et al.’s. [7] series, 78% of the arthrodeses were indi-
ated for TKA infection, as were 15 in Oostenbroeck and van
oermund’s [9] series. In contrast, Vlasak et al. [5] reported
8% recurrence of infection in a series of 13 arthrodeses by
xternal ﬁxation. Results are thus very variable, mixing sep-
ic and nonseptic etiologies. The percentage of indications
nvolving infection tends to be greater in series managed by
xternal ﬁxation. Moreover, for certain authors the type of
acterium affects results. Damron and McBeath [1] reported
ower fusion rates in case of polymicrobial, Gram negative
r S. aureus infection; although these were no more than
rends, the authors recommend a two-step procedure in
hese cases. Given all of the factors which inﬂuence results,
he various techniques are hard to compare, but exter-
al ﬁxation nevertheless seems to be more effective than
ntramedullary nailing in terms of remission of infection. In
he present series, six of the eight arthrodeses were per-
ormed in a context of sepsis, with no recurrence of infection
t a mean 8.2 years’ follow-up.
Arthrodesis is unanimously agreed to be a good solution to
esort to in difﬁcult cases of implant infection. The differentG. Riouallon et al.
ypes of osteosynthesis, however, have their advantages and
rawbacks. Intramedullary nailing for TKA infection always
equires a two-step procedure [4,11,12], and is thus indi-
ated only for patients whose general status enables them
o face two heavy operations. According to Mabry et al. [10],
ailing takes one and a half times as long as ﬁtting an exter-
al ﬁxator and entails twice as much blood loss. Moreover,
f sepsis recurs, an intramedullary nail can be difﬁcult to
emove: Incavo et al. [12] reported three cases where ante-
ior tibial corticotomy followed by wiring and graft were
equired in order to ablate the material. Intramedullary
ails, moreover, are usually customized [12,14]), which is
ostly in both money and time. The complications most fre-
uently encountered with external ﬁxation are pin-related
nfection (discharge, or osteolysis around the pin) and pin-
ite fracture [6,9]): Mabry et al. [10] reported a 21% rate of
in-related infection and 8% of pin-site fracture. Parrate et
l. [7] found that hydroxyapatite-coated pins reduced the
ncidence of discharge.
onclusion
xternal ﬁxators play a large role in arthrodesis indications
or TKA infection. They are available without delay, and
nstallation is straightforward and reproducible, enabling
ood adjustment of frontal and sagittal alignments. Asso-
iated morbidity is low and a one-step procedure is possible
here the infection allows it. The assembly is less stable
han with intramedullary nailing, but this is made up for in
he present technique by the two frontal Steinman cross-
ins. The stability of this osteosynthesis assembly ensured
onsistent bone consolidation, and remission of infection
as achieved in all cases involving sepsis.
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